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PREFACE

In April 1975, the Staff Meteorology Office of tile Alir 'orce Weapons Laborato) r

(AFRL/W1E), working in conjunction with the Laser Systems Analysis Branch (AFWL/PGA,.
began a special project, "Weather Studies." The objective of this project was to

detcenrine the potential influence of the atmosphere and its associated phenome, :,z
various airborne applications of laser devices. As the study progressed, the aut Irs

became Increasingly interested in the problem of predicting the probability of a
cloud-free line-of-sight (COLOS) between two moving, points. Although techniques
were available for handling CFLOS questions of a static or instantaneous nature, U
became apparent that these techniques were not designed to answer the kinds of

questions being raised in "Weather Studies" and that new techniques were reqLulu .•

T're computer model presented herein is a preliminary step in developinv, the Iw'

techniques required to solve CFLOS questions involving a moving observer, movir

observed point, and/or a time dimension. The major part of this investigation qas
performed by Ronald . . 1clsof1. Thoe major part of the computer model was perfo imed

by Mead B. Wetherbe.

The authors gratefully acknowledge thle constructive criticisms and support of
their co-workers at AFWL. Thanks ar.' due especially to Captains Steven deilman,

John King, and Carl Curatola for their valuable contbibiUons during the devri.Jiment
of the studies and analyses presented In this report.,

-Aoossejio• n , . .. "r
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SOM4E ASPECTS OF E0'PIMATING THUE PROi3ABILIT'i

OF CLOUD-FREE LINES-OF-SIGiIT TN DYNAMIC SITUATIONS

SECTION A - INTRODUCTION

L - ~With~ the Introduction of optical and Infrarc . det~ection and tracking devices into
the Department of Defense Inventory, Interest grew in developing methods for esti-
mating the usability of' such levices In the presence zlf clouds, One result of this

% Interest was thle development &11 various meth-ods for predicting the probability of
has-,Ing a cloud-free line-o)f-sight (CFLOS) bet~ween two points. These methods, which
have been available in various forms since thle lck;Os, provide tools for estimating
CFLOS probabilities between a statioinary observer and a stat.Lonary observed point at
a specified elevation angle In thle presence of a given amount of Intervening clouds.
None of these methods (egLund and Shanklin [l), McCabe [21, and Rapp, et al [3))
was designed to address OFLOS questions when moving observers, moving observc1d
point"', or time dimensions were Involved. These kinds of questions art, "dynamic
OFLOS questions. "

Many USAF applications, actual and potential, Involve the use of optical or
Infrared systems on aircraft. Some applications might involve anl airborne system,

the target. A typical approach to this problemn Is to specify the altitude at which,
and the range otf depression angles within which, thle system might operate. Then,
given thle clinlatol)gical frequency disti~.btition of cloud conditions for the area
over which thle s~ystem is to ce employed, use somic technique. such as that outlined
In, Rapp, et al., (31, to predict the probability of having a CFtJJS between the two
vehicles (points). Since at an~y instant the two points may be considered to be
stationary, the ý'Ipproach seems reasonable for predicting the pro.bability of an instan-
taneous CFPLOS. Suppose, however, that one is interested not in sonie "Instantaneous"
CF'LOS, but. rather In a CFLOS which lasts for some finite time, on the order of one
se00ond. Or, suppose that both thle observer and target are moving end that one wishes
to prediet the probability ol. a CPLO)S lasting for some finite time between the two.
Thle approach outlIned above cannot handle these dynamic problems.

Thle remainder of this report present~s the results of the work to date on dynamic
CFLOS problems and miakes available the computer model which we have used t.) gain
Insight Into problems of this variety. It Is by no means an exhaustive dissertation
but thle authors hope it, can serve as a departure pointt for others interested InI

dynamic CFLOS problems.
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SECTION B3 DYNAsMTC MOS PROBLEMS

Discussion of tho Variables

One of tile movt important "variables" 1nvolved in dynamic CFLOS prot1lems is t;he

statement of the problem. rhe Collowiug problem is used as a basis for d~i-,cussing

the variables asso'iated with yvhamic NFUNS problems in general:

Assume a vehicle B will be flying at a specific altitude and
velocIty over a specifled area. A second, faster vehicle A will
be Introdluced at all arbitrary 4-nitial slant range, azAmuth, andelevatioit an.ýle. Thle second vehJ*.le will move oil at straiglht-
1.tihe course- "- Dlreet Intercept course) de'signe'l to ei'vet'e a

collision with tie first vehicle Given sufficiently detailed
cloud .int'rnmation for the specified area, predict the probability
that, at any time, a CFLOS will exist between tl,e two vehicles
for at least t units of time before the two vehicles reach a
given slant- range separation.

The variables of the problem are as follows:

a. The initial positions of the two vehicles.
b. The relative speeds and paths of the vehicles.

c, The "boundary conditions" f'or thle time duratilon (ilt' IV tile OPtLOS and tile
VIna I separation distance before which the specified CFLOS must occur.

d. Zhe clo$ d characteristles for the area of interest.
gxaldnlat:cxl• of the Relat'ive Speeds. and Pathls-

Tile Cirst step In solving dynamic OWLOS problems is to determine the paths to be

followed by tile vehicle"s. Pi~nlre . depicts the geometry of the situation described

above.

0

A A io Initial positioti of A and Vi

/ A, r1l: initial aziimuths of A and 13

D) Initial slant range separating
- A A and 13

DA: Distance A must travel to moet

a Elevation angle frni 11 to A

Figure 1. Oeo.mctry of the Direct Inte-r-
eept coun'se.
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IV7 VA VLI retpresent thle speeds if A and B3, respectively, thenl the relationship
-ifDA thle distance A must travel to meet 11, to the ot~her parameters (see Appendix A
for dctalls) Is:

whlere

[ A LA

I -

and

F I os (C~os A SIIA Tan P1.) co.01 (3)

B' aý total travel dis~tauco to the collisioi, point (D1)1) is, directly proport~ional

to A' s and to the speedi ratios Involved. That Is,

11 vA

Knowing *t1he total di stanice Involved~, ono can uire direct ion oosines t,-,deltermine
thle paired X,y ,Z pozz;t tons of' A and 11 in whatever Qutim Inc rements, are elrd.The
Paths, theorot'ore , aro dIefinedl.

The Boundary ~ond it.ions f'or t and S

Xt Would seeml that one should now beN able to) specif'y the boundary conditions (',%I
t~he time. duration of thle CF'LOS, and thle final separaition dlistanlce ov intore"' t 'aid
uising thle. detaled clmud inct'ormationl Cori thle specifiled area, proceed wit 'i the OF1LO8S
aIInaly s is". In the early stages. ot' the stuidy thle auithors procceded InI just, that Way,
ultiliz"ing a randomly generated clouxd field In the com"puter, model as, a substitukto for
thle "detailed cloud Informat ion."

F~ort~unately, the prograil was. writtenl sto that one co'.ld~ obta.1 n a highly detailed

ouitput of thle progress. of the analys"is. F~or a g~t en set, of' cloud and bouindary con-

di t~ios, If 11 was repeoatedl1y reseot to Its starti.ng pos.it Ion and A was lax roduced1 at
variouts azimuths, the rat o of Vrce/ob~structod linen-ot'-sight was aluost always,
greater f'or app roacýhes, whieh ameo toward V, tfrom blhindt. 'Vhe reau"ol for this. result
will tbo,,,mh apparent throughl an exambnat .Ion of IL heconcept of' a "cr-ltlecal clmud
ba seo
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Concept of a Critical Cloud! Base

Figure 2 shows the geometry to be considered foi- this concept. A and 13w.lI again travel along straight lines with A following the direct intercept course.

..........

A .1i Initial positions
of A andB

D Initial slant
-range separating

A a nd 1B

fro 1tElevation angle

- -.- Rulctive azimuth
between A. and Bo,

Z :Clouid base height

tig'ure 2. Geometry of the Critical Cloud VI'se.

Consider the following problem:

F'or the luttial condlititons specit'ic0 (i-o VA/VLjj, D, a,$ etc.),
determine that height above the plane of' B3, (Z C), above which the
exdstence of elnuds w:.l btive n,.N efftect )n the probnbilit-y n, hnaving,
a C!FLOS ror At unit-s of' time at, least, once before A and B apo'i] The withine 8 of each other.

The etaleddevelopment given in AppendLx 11 shows that

z mz-z =3111in (S + At A

where .Ieis at critical relative cloud height -xn tU'at If till clouds are based R!"
7'>Z0+ ZLthe required CFL1OS will occur &L least mnce- Equation- (53) shows that

c -ne shoutld not specify cload charaote,.-Uties for any modol situation without con-
sidering tht "bouýlndary vonditions" and dynamic~s of' the situation.
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"elevation angle" could as easily be ititerpreted as depression angle. As a result,

ZC can be treated as a cloud separation distance and therefore could be applied to

cloud tops.

Figures 4(a) through 4(d) depict the variation of Z as a function of initial
relative azimuth and elevation angle for various boundary c',nditions. The value of
ZC generally increases with increasing elevation angle anO .s higher for frontal
than for rearward approaches. Note, however, that this gLaeralization breaks down
when the approach combines large elevation angles and small relative azimuths.

These variations should have a direct bearing on how one compiles the statistics
in any modeled situation for a given cloud base. If, for example, the CFLOS prob-.
ability statistics associated with a given elevation angle were grouped into a
single value for all azimuths, that value would implicitly be weighted by the higher
values associated with the rearward approaches. On the other hand, grouping the
statistics at a given azimuth for all elevation angles would implicitly weight the
answer by the higher values associated with the lower elevation angles. The physi-
cal reasons are apparent:

a. For a given elevation angle the closure rate is lower for large relative
azimuths.

b. For a givei, azimuth the clovure rate is lower for high elevation angles.

In either case the time available for CFLOS is higher for lower closure rates and
therefore the probability of obtaining the CFLOS is higher (i.e., there is more
opportunity).

The Cloud Characteristics

Simple logic dictates that there is a direct relationship between the probabil-
ity of having a CFLOS and the probability of having those cloud conditions which
preclude having a CFLOS. Predicting the probability of having a CFLOS, therefore,
requires having "sufficiently detailed cloud information." This information must
be merged with the other factors, e.g., dynamics and boundary conditions, involved
In the problem.

For the problem being discussed, "cloud-base" ts part of the required informa-
tion. This report will show that information regarding the amount of sky covered

at a particular altitude and the 3-dimensional geometry and spatial distribution of
the individual elements will also be required. What is yet uncertain is the practi-
cal meaning of "sufficiently detailed" information and if, and how, that meaning
changes as the problem variables change.

Historical records of surface-based weather observations can be used to obtain
information regarding the probability that a particular sky coverage will be
experienced at a particular altitude; the detail available, however, varies inversely
with th,; altitude. Satellite data may eventually ue useful in adding more detail
at higher altitudes, but currently the information is limited to the lowest 8000
feet. Little or no information, and no information, and no historical records exist
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relative to the "individual element" characteristics. Therefore, one must model the
individual element characteristics and use historical data bases to obtain the sky
cover.

The authors have yet to determine how best to utilize historical data since the
sensitivity of answers to relatively unknown cloud-field characteristics, such as
the distribution and 3-D geometry of the individual elements, -re unknown. How will
the Interrelationship of cloud base and cloud cover as they relate to the dynamics
of the problem, affect the answers? These are specific areas in which further
analysis Is required.

SECTION C - A DYNAMIC CFLOS COMPUTER PROGRAM

Tile computer program presented in Appendix D models a situation in which two
points are separated in space in the presence of a cloud field to help study dynamic
CFLOS problems. The lower point 13 begins moving from its initial positIon at a
fixed heading and speed. The higher point A is introduced at a given vertical
separation and slant range and a preselected azimuth to the right of B's path.
Point A follows some path, usually the direct intercept course, and tile line-of-
sight between A and B is examined each 0.2 seconds of simulated time until a pre-
viously determined slant range is reached. B is then reset to its original position
and the same process is repeated except that A approaches from the preselected
azimuth to the left of B3's path. B is then reset to Lts original position, a new
heading is established 300 to the left of the original heading and tile process
starts anew. The scenario Ls repeated until a total of 12 haeadings (3600) have been
examined. The "statistics" are then sumwari:zed for the 211 approaches involved.

Some Limitations/Weaknesses of the Program:

a. CLDNO, one of the two cloud models, represents a mid-continental, uitiform-
S orrface area, early-afternoon, siumnertime situation. This situation is rclatively
simple to model. CLDNO produces uniform circular elements, the centers of wh1h1 are
placed randomly in the X,Y plane. Coverage is determined by tile X,Y projection of
the individual elements onto the plane. The base height and thickness can be set
but are uniform for all elements.

The random placement of the elements limits the total coverage in tWe applica-
tion of the model. Theoretic ally, one could, by careful packing, achieve a coverage
of about 78% (see Appendix C). In running the program, a practical limit is reached
at about 115%. The program CLDOVR, developed because of this practical limit, allows
for some restricted overlap of individual elments and seems to have a practical
limit in coverage of about 70%. With larger fractional coverages the physical model
morc nearly represents a late afternoon situation but, because of the common tops
used, is less than an adequate model. Modification of the model will cont.nue to
overcome the "coverage," "uniform top," and "single layer" limitations/weaknesses.

b. The coverage produced Is not "sky-coverage" but rather "earth-coverage." "
The former requires a pjrojection of the cloud elements against the celestial jlme
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while the latter is obtained by projecting the cloud bases against the assumed flat,
underlying surface.

c. The chase models are limited in their applicability. For example, oie would
not use either model to simulate a "dog fight." Both models currently requi.re that
A be moving faster than B.

d. The assessment 'cf the line-of-sight takes place every 0.2 seconds )f simu-
lated time. This time-step may be inappropriate for some applications (see Appen-
dix B).

Questions Addressed by the Program

Given a particular set of conditions, the program is designed to answer three
questions:

Question 1. What is the probability of having a CFLOS "at any instant?"

The line-of-sight between A and B is examined at each A,B position
until A and B approach within S of each other. The number of times
the line-of-sight is free of clouds (successes) is divided by the
number of times it is examined (attempts). The results are accumulateO

for each of the 12 headings followed by B and printed out as the
"static case" shown in Figure 5.

Question 2. What is the probability of having a CFLOS which lasts for at least
t-units of time at any time?

A time, t, is chosen as an integral multiple of 0.2 seconds. That is,
t=0.2N, where N-l,2,3,...M.* The first N-consecutive lines-of-sight
are then examined for a continuous CFLOS. A record is made of the re-
sults of that examination. The first line-of-sight is then ignored
and the next N-consecutive lines-of-sight are examined, etc. The number
of times that N-consecutive lines-of-sight are cloud free divided by
the number of times N-consecutive lines-of-sight are examined before S
is reached, forms the basis for the answer to this question. The
process is repeated for all B-headings and the collected statistics

show up as "Probability of a CFLOS for the time indicated," with t,
in seconds, following ".GE." in Figure 5.

question 3. What is the minimum frequency of occurrence of a CFLOS lasting for at
least t-units of time?

For each initial. placement of A,B, a binary record is made of whether
or not a CFLOS existed for t-units of time at least once. For any ini-
tial set of conditions and for a given cloud situation the maximum
number of attempts would be 24; i.e., A approaches B from left and right
aspects for each of 12 different headings used by B. During each chase,
a CFLOS either did or did not exist at least once for t-units of time.

* For the limit of M, see Appendix B.

9
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The output of this analysis is found in the Minimum frequency..."
section of Figure 5.

PP6O7AMILITY OF A*CFLOc - STATY' CASE- Z247
PP~OtARILITY Or A CFLOcq rnp AT FrAcT THF TTUM. INDICATrnf

'4TNit4IgP FFQIrogrpCY OF nrr'PPFJev Or A rVLOS FOR AT I-EAST Tt~r TIM I JnflCATFD
OKIF 5ECONn 6/24 Two '9E(:0Wfl 1/24

AROVF INFO RASFO ON - 'QAqE q.q*Tnp, = 11.5 ,RAOTIJS = 4.0 9CnVERAGF .43S

pPQOtARILTTv nF A CFLO04 - STATTr CACF- .?
POObAFR!LTTv nr A CFLO'. rnP AT IFAeT THF TIML INDICATFn

I .TNIMtfl4 FRFQ!IrNICY OF nrrjjPoEP or ( A CriOnS FOR AT i EAST THF TIML INDICATED
ON'F hFCOND 9/24 TWO sEroNins 0/24

AAOVF INFO RACFO ON - kA9F = .q,TnPq 14.5 ~RADTUJS 4.0 *COVERAGE .435

PQOOARILITY OF A CfLI~z - STAtN CAkF-- 356
PPOfiARYLITY OF A CFLOr FflP AT JvAcT THF TTmL INDICATFD

MINIMUIM FRFOtIIN'CY OF nrriRPpFNJCr oF A CFLOS FOR AT L.EAST TI{F TIME. ~!A~
ONF hFrOND 1,)/24 Two qECOWOS 1/24

aROVE INFO RASFD ON - RASq= **T' 14.5 9kADTIIS = 4.0 ,CnVERA(WE = 435

PROUARUITY Or A CFLOc - STAT~r cAýE- .356
PPObAR!LITV or A CFLOc FOR AT I FAST THF TIML INDICATFI)

MINIMUMI FRF011PNtCY OF mrCtJRQFNrFl OF A rFLOS FOR AT L.EAST THF TIML INnICATED
ONE SFCONO 10/24 TWO 9EComns 1/24

AROVE INFO RASFO ON - RASE 7 .o9TnPS = 18.3 ,RADTUjS = 4.0 *CnVERAGE = .435

PP~OtARTLTTY Ar A CFI.Oq - STATT(r CAqE- .319
PROkIARILITY OF A CF'.Oq FOR AT IFART THF TML INnICATFD

PATi 1MIM FRFQIJFNCY OF nrrt1RPFNCIv Or A CFLOS FOR AT I EAST THF TIML TMPTCATF:')
OMF bF( ND 9/24 TWO gEcoWOS 3/24

AROVF INFO HAqP 0 ON - RASE 4.0,TOPq = .0 9RADTIJS = 1.0 9CnVERAGE = .245

PPOrIAPTLITV OF A CFLOc - STATY" CASE- .7
PP08ARILITY Or A CFL~rs FOR AT I FAST THF TTML INDICATrO
.(iE.1 .03s G;F.? OAl9
MINIMUM' FRFOIJrkCY OF nrjiPQF,,irr Or- A CF[OSr FOR AT L.EAST THF TIML TWOICATED

ONF hECOND 4/24 TWO qEroNins 2/24

AROVF INFO R~qFD ON - RASE 4 .OoTOPq = 11.5 9RAD1J5 = 1.0 *COVERAGF

Figure 5. Sample Output of the Program. A
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Some Model Results

Figures Oa and 6b show scaled drawings of one quadrant of a cloud field gener-
ated by CLOUDNO. The light dashed lines represent B's path, which is actually at s
height which is below the cloud base. The heavy dashed lines are the projections of
A's path into the plane of B. The heavy solid lines are the actual paths followed
by A. See Appendix D for a brief description of the iUNT and 1UNTD chase models.
Tn effect then, Figures 6a and 6b are pictures of a "run." The lines-of--sight
which are examined are those lines which would connect the positions of A and B at
any time.

Figure 6a. A Visual Representatiorn of Figure 6b. A Visual Representation of
CLOUDNO and HUNTD. C[DUDNO and HUNT.

Table 1 presents the statistics associated with many such runs. The three sets
of statistics presented in the table are related to those questions discussed in the
previous section. For a given run there are approximately 600 "illstantaneous-
attempts" and 1150-550 onp-second| "dynamLc-attempts." The "minimum frequency" values
cannot exceed 211 sinze there are only 211 opportunities per run for having a C•,'IoS

t'or the time span indicated at least once. There is, of course, only one value of
"earth-cover" for a given run.

The two sets of statistics associated with A and E were derived from the same ;2
nonoverlapping cloud distributions. Tile distributions were established bsed on a
l00-ineter cloud radius. Since the cloud elements do not overlap, one could simply
change the radius and calculate the new coverage. Most of the data nssociated with
the B and F statistics are derived f'rom these same distributions by simply changý,Ang,

S tihe thickness of the cloud elements. About one-half of the 0 and 1) statistics use,
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these distributions, so there are, at most, 30 different cloud element distributions;

certainly not a representative sample of the infinite variety of distributions

which could be produced either in the real world or in the model. Nonetheless,

Table 1 can be used to gain insight into dynamic CFLOS problems.

The content of Tablc 1 is associated with a very specific set of parameters;
i.e., specific values for VB, ZB, VA/VB, S, and n. The authors wish to stress the
point: Dynamic CFLOS problems ten(d to be complex and unique and it will be diffi-
cult to generalize solutions for large ranges of the associated parameters.

The "Earth-Cover" for Cases A, B, C, and D are essentially the same. Examina-
tion of the associated "instantaneous" and "dynamic" probabilities indicates that
the values may be more sensitive to changes in cloud-base height than to changes in
cloud thickness. This sensitivity relationship is even more evident in the "Mini-
mum Thickness..." data. Comparing E and F to C leads to the tentative conclusion
that, at least for some combinations of decreased-coverage/increased-cloud-base,
the Jetter will be the more significant. Pinally, the probability of having a
Cinite-time CFLOS is less than the probability of having a CFLOS instantaneously.
This follows from the fact that a low instantaneous value indicates a frequently
obscured line-of-sight.

Experience indicates that the distribution of the individual elements is a sig-
nificant variable and that its significance increases as earth-coverage decreases.
This seems to be particularly true for earth-coverage less than about 110%. The
authors also tend to believe that, for a given coverage. "cloud radius" is not a
significant variable; although the elements are smaller, they are more numerous and
the increased population effectively cancels the effect of the decreased Vize.

Changes in VA/VB are significant, as call be seen by a comparison of Table 1 and
Table 2. The same specific parameters are used for both tables except that, in

Table 2, VA/VB = 3, and 10 completely different distributions were used. Case 1 of
Table 2 and Case A of 'Table 1 differ only slightly in mean earth-cove'rage and may be
compared directly. Being cautious to note tire differtmnces in cloud characteristics,

one may also compare Case 2 to Cases C and D, and Case 3 to Cases E and P. The
generally higher values ot Table V would seem to stem primarily from the lower speed

ratios; but one must be cautious of such a generalization.

Table 2. CFLOS Pri•babilIties Vfir Varnious Modeled Clud Sit'uations when

VA/V1 = 3, V1 = 250 si/see, S 501 meters, 'LB 5lO meters, and e '22.

O,'LOS Results

Cloud Data Pr Pr 141. Freq.
Mean (I nstan- (:•ynamie ) of @001¢ rrence

Case Base 1l')p Ralliu:s Earth-C.,ver taneous) -a" 1 e = 1

1 )100 0OO 400 .0 . .0, 1'. 1

3 400 1i•100 loo . .37 . 11
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Table 3 presents selected calculations of ZC which can be used to help interpret
the statistics of Tables 1 and 2. (Linear t.nterpolation of the values will be
accurate to within about 1%.) For the conditions in Table 1, ZC C" 548 meters.
Since ZB for Tables I and 2 was 150 meters, any cloud base above 698 meters for

Table 2, or above 795 meters for Table 1, would assnre a CFLOS for one-second at

least once. Therefore, the minimum frequency values of Case C and Case 2 are essen-
tially predictable a priori. Note also that if A approaches B from behind with a

relative azimuth of 1670 VA/VB = 3, o % 200, the minimum frequency column of Case D
could be "predicted" (i.e., calculated) a priori.

Table 3. Z Values for Selected ConditionsC
V1B = 250 m/sec, t 1 see, S = 501 meters.

Speed Ratio: VA/VB - 3 Speed Ratio: VA/VB = 4

Initial Relative Azimuth
Eldv.
Angle 150 300 450 1650 1500 139- 150 300 1150 1650 1500 1350

100 258 252 2411 175 178 183 301 296 288 219 222 227
200 503 492 4176 347 353 363 589 579 564 1311 40 450
300 723 710 688 5141 522 535 850 837 817 641 6119 6611

SECTION D - SUMMARY AND CONCLUSIONS

Current techniques i'or predicting the probability of a CFLOS are designed for
problems which are instantaneous in nature and involve stationary points. Dynamic
COLOS problems involve either the movement of one, or both, of the points b •ween
which the line-of-sight is to be assessed or a time during whicn the line-of-sight
is to be assessed, or both movement and time may be involved. Hence, current CFLOS
prediction techniques can not be used for dynamic CFLOS problems. To assess the
potential usability of those airborne electro-optical systems which are effectively
blocked by clouds, new techniques must be developed. "Modeling" is the approach
which the authors have used as a preliminary step in that direction.

The computer program discussed hrrein indicates that dynamic CFLOS problems tend
to be complex, unique, and not amenable to generalization. To solve a dynamic CFLOS
problem one requires a detailed knowledge of the initial positions and subsequent
velocities of the two points between which the line-of-sight is to be assessed,
detailed knowledge of the boundary conditions related to the space/time dimensions of
the problem, and detailed knowledge of the cloud field characteristics, including
the 3-dimenbional geometry and spatial distribution of the individual cloud elements.
The dynamics of a problem might be definable through a knowledge of the operational
characteristics of the aircraft involved. The boundary conditions and time incre-
ments t,) be used in the line-of-sight assessment might stem from the characteristics
of the electro-optical system. These are, essentially, nonmeteorological problems.
The meteorologist will have to define the cloud field characteristics.

14
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Practically speaking, extensive knowledge of the required cloud field chiracter-
istics is limited to "cloud amount vs altitude" and even that is limited, essentially,
to the lowest 8000 feet. Satellite data may be useful in extending our knowledge of

this parameter at higher altitudes. Detailed information relative to the geometry

and spatial distribution of the individual elements is extremely limited to nonexist-

ent. To determine what degree of resolution will be required and how much intelli-

gence can be derived from historical records will require further insight into the

nature of dynamic CFLOS p'oblems and further analysis cf the data base.

The computer program presented herein can be a useful tool in developing insight

into the variables associated with dynamic CFLOS problems. In particular, it can be
used to examine the sensitivity of the answers to changes in the input parameters.

Being careful to observe the artificiality of the model, it can also be used to
obtain what might best be termed "bell-park" estimates of real world situations.

For example, for situations similar to those discussed in this report, it would seem
that the probability of having a cloud-free line-of-sight, either instantaneously or

for as short a period as one second, will be low even in fair-weather conditions.
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Appendix A

DIRECT INTERCEPT MODEL

Pr)blem: Given the initial positions and speeds of A and B and a level route of
flight at known azimuth for B, find the distance A must travel to inter-
cept B.

A0

Ao, Bo = Initial positions of A and B

= Elevation angle from Bo to A0

9B Azimuth of the path to be
traversed by B

0 Azimuth of A0

v = Angle between AoB0 and BoB'
800

Figure A-1. Direct Intercept Model.

Let the fillowing definitions apply:

(XA' YA' "A)' (0, 0, Z B): x, y, z coordinates of Ao and B0

C : Distance =
SD : Distance =A-

0 0

DA, D B : Distance to be traveled by A and B

VA, VB : Constant speeds of A and B

Begin by solving for Cos y. From Figure A-1 and the definitions given,

Y = D Cos a Sin 9 A (A-l)

XA = D Cos 0 Cos 0A (A-2)

B-Br = XA See 0 (A-3)
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From the law of cosines we have:

c2 D2 + (=r) 2 
- 2D Cos y

and, substituting from Equation (A-3)

C2 _ D2 + X2 S-c2 B 2 DXA Sec B Cos Y (A-4)

But, note that

C - (ZA - ZB) + (YA - XA Tan 8B)2 (A-5)

Hence, one can set Equation (A-11) equal to Equation (A-5), carry out the multipli-
cation indicated in the second term of the right side of Equation (A-5), and
rearrange and combine terms to obtain

Cos =XA 4 A Tan (A-6)
D Sec B

Substituting Equations (A-l) and (A-2) for YA and XA, respectively, and rearranging

and simplifying terms results in the equation

Cos Y = Cos a (Cos 0A + Sil A Tan 11B) Cos AD (A-7)

which will be generalized for use as

Cos y = F1  (A-)

By definition, DA = VAt and D. = VBt. Therefore,

VB
DB = DA VA (A-9)

From the law of cosines we have:

2 2 2DA = 1) + - 2DDBCos Y (A-10)

Substituting from Equations (A-8) and (A-9) and rearranging terms
V

D2  ll _ v 2 D V B .A l l
• j + 2DADB F1 D2 = 0-

V, AA

from which, using the general solution to quadratic equations, and requiring that
VB VA,

V2

.l 2, . .. .)

VA 1I

-F

-9.7

L VA J
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Or, for V B = VA

DA (A-13)

and, physically, only the positive radical of Equation (A-12) applies.
In the text the c-roblem was stated assuming VA - VB. - The computer program

currently requires that VA be greater than VB. However, Equations (A.12) and (A-13)

clearly indicate that DA has solutions which are n,'t restricted by VA > VB. Three
possibilities will be examined: VA = V, VA > V,., and VA < VB-

Case l: VA = VB
From Equation (A-8), the range of F1 is: - 1 ' F1 9 1. Physical reasoning

dictates that F1 < 0 be eliminated since A cannot overtake B when approaching from
behind B's initial position. Therefore, only 0 s F1 • 1 is considered.

From Squation (A-13) and the definition of F1

D = 2 Cos y (A-14)
')A

from which solutions may be obtained when VA = VB for all choices of y such that

< Y<
VB

Now examining v- K where K • 1 and using Equation (A-12), we obtain
A

DA D K K2 (F -1) + (A-15)
1 K2

Given that K / 1, Equation (A-15) only requires that

K2 (F2 - ) -1 (A-16)

Clearly any negative contribution must come from F2 - 1. This dictates that K2 must1
be restricted to certain maximum values to insure that the condition of Equation
(A-16) is not violated. Table A-1 and Figure A-2 illustrate the values as a function

of y for the range 0 : y < 900.

Tables A-1. Maximum K-Values.

KMAX C 5.75 2.92 2.00 1.5b 1.31 1.15 1. of; 1.02

10 20 30 4o 50 60 70 80

18
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Case 2: VA > VB

For this case K < 1 and therefore

the condition Imposed by Equation (A-16)

is always met.. 30-

Case 3: VA < VB

For this case K > 1 and therefore VILATION
K must be restricted to the range 2-AE

Finally, 10.

DA = DF2  (A-171)

where F2 is defined according to the 0

following:
1

Case 1: F2 -= - when VA VB
1igure A-2. Violation Area for

K and Y.

v /V2 +1

F +F1 +vovCase 2: F2 = whenVA > VB

" KFI + K K2 F2 1+ICase 3: F+ = -- ((-F -1 +i
2 2

1- K2

subject to both of the following conditions:
a. K2 (F2 1)

b. K>1

Note that Case 2 is the case discussed in the text.

• I-
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Appendix B

ANALYSIS OF TILE CRITICAL RELATIVE CLOUD BASE

Problem: Determine the height, ZC, above the plane of B, above which the existence

of clouds will have no effect on the probability of having a CFLOS betweea
A and B for At units of time at least once before A and B approach within

* distance S of each other, given that A pursues B in accordance with the

direct intercept model.

1A0

.....

".....:...:::../ : Azimuthal separation of
., and (relative

v.. .... azimuth).,.... 
...•.... 

•o•. , 

,,o'. 
- ., -°,.,,...%.

a : Slevation angle from
"C4 B 0 to Ao

D : Distance A
0 0

I Z : Base height of the low-
I est layer of clouds

a
, P : Intersection of the

paths of A and B

B0  

S

Figire B-1. Critical Cloud Base.

Let the following definitions apply:

A0, B0, D, DA, DB, ZA, ZB: As defined in Appendix A

6 : Angle between A- and

LC: Distance from Ao to Z along the path of A

L : Distance from the intersection of A's path with the plane
of Z to that point where A and B come within distance S
of each other

20
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LS, LB: Distances which have yet to be traveled by A and B from

that point where A and B are within distance S of each

other to the point P.

Noting from the, definitions that:

A
DA = LC + LA + L

and therefore
A LC- AL_- D- - Ls (B-i)

SVA VA(B1

and

_ZA - ZZA -ZB

Cos 6- A

from which

LC D A (B-2)C A ,A B

From similar triangles

A_ SDA (B-3)
=L

By definition, At T- . Combining this with Equations (B-1), (B-2), and (B-3), we

obtain:

t= DA (1 ZA - Z S

V. A -ZA _-- 2B-D
t

from which

Z= ZB+(ZA ZB) S (+ tVA 
(B-4)B A " B \D D'A /

Hen:e the cloud base relative to the height of B is

zC = z -z 6tVA\(B5

z B =(zA-zB) + -(-Z-A (B-5)

Substituting from Equation (A-17), Appendix A, for DA yields

/S AtV•
ZC = (ZA - ZB) S +

and, since (ZA ZB) = D Sin a

/ tVA
ZC = Sin a (S + S (B-6)

Hence, given VA and the definition of F2 (see Appendix A), one can choose a
slant range (S) aai ft of interest and calculate the height above which cloud bases

will have no impact on the probability of having a CFLOS between A and B at least

once before A and B approach within S of each other.
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Clearly, At will not be meaningful unless it is chosen such that

D A
S" At . V D

A
and thbrefore

DF2
At ! t- (B-7)

A

In the analysis procedure described in the text At "treated as

At = gN

where g is the incremental time-step used in the analysis of the line-of-sight and
N has a maximum value of M such that the total time involved in the chase is not
exceeded. Clearly, g only makes sense when it is some fraction of At, but what
fraction should it be? A value of 0.2 seconds was chosen for the program based on
a subjective analysis of the interrelationship of the cloud characteristics (radius
and thickness) and the speeds typically involved. The authors have not yet examined
the sensitivity of th- results to changes in "g-values" but thiE, too, is an area
which needs study. In any case, one should not choose g completely arbitrarily.

42.

g4'

•22
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Appendix C

CLOUD-COVER LIMITATION OF A UNIFORM DISTRIBUTION MODEL

Problem: Determine the maximum fractional coverage obtainable from placing unifor6,
circular elemealts into the large circular area such that each element is
totally contained within the larger area and no elements overlaj.

r = Radius of cloud elements

/R = Radius of entire area

' 1 Ri Radius of = locus of cloud

/ Hi < i+i

Figure C-1. A Uniform D~istribution
Model.

Let the following definitions apply:

L i = Circumference of i th locus

Ni = Number of elements on Li

N = Total number of elements

imax Maximum number of loci

Case 1: Condition 0 <r < < 1

The circumference of the Ith locus is

11 = 2 Ri (C-1)

The radius of" the ith locus is

11 = 2rI (C-2)

therefore L 1 1 unri

If the number of elements on a given locus must be an integral value, then

Ni 2 3ui (C-3)

23 . .
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The maximum number of loci which call be allowed for a given cloud radius will be
R

From Equation (C-2), we note that a hole of radius r has been left at the center
of the area. Hence, if R K, and K is truncated to an integer, then im = k-i
and

K-I
N SI1 , \ Ni

LIl

and from N ' 2tI
K-1

N I + 2ti ( -')"

j=l

and testing various values of K, the authors found that

N 5 1 + n K(K-l) (C-')

The fraction of the area covered by clouds is

Nnr,2 Nr2

and therefore
I, + " K(K-11

Finally, we note

lim I, = ' .78514

In practice, the authors have observed that randomly placed elements, which arle not
allowed to overlap, rarely exceed 5C.% coverage.

Case 2: 0 < r < R

* The solution of r = F and N = I with the element centered at the center of tihe

S circle is a trivial but valid solution. Another solution I. f 1iH for which I"

Hence, one can obtain fractional covera&e In excess ofr for a single element;
centered at the center of the circle whose radius meets tihe condition

IH I• < r <
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Appendix D

LISTING 0F.' A DYNAMIC CFLOS COMPUI'ER PROGILAM

The computer program discussed herein can be thought of in terms of two separate,
but relatable, parts: Driver" programs and subroutines. D)river programs are used to

define the values which the variables are to have in the subroutines and to model
the "evolution" of the dynamic encounters. The currently modeled evolution for all
driver programs is as described In Section C of this report. Alternative models
might call for a single, azimuthal approach (e.g., 150 to the left of 13, as a single

choice), but repeated with higher resolution (e.g., reanalysis for incremental

changes of 100 in B's heading). A better understanding of the overall program can
be obtained by operating one of the driver programs described below.

Driver Programs

DCFLOS A basic driver program which utilizes a nonoverlapping cloud field, a direct
intercept chase model and azimuthal variations of * 250 from B's heading.

Summaries are made of the line-of-sight statistics collected for the 12
headings taken by B. BCFLOS could be run with an overlapping cloud-field.

(Table D-1.)

IDS0AZ A somewhat more involved program which is to be used only with a nonover-

lapping cloud-field. Reanalysis of the line-of-sight is performed as

changes are Introduced In cloud base, thickness, and radius values, for a

given cloud-element distribution. (Table D-2.)

LOS1AZ A program designed specifically for thle overlapping cloud-field. Users

will note that the only significant difference between LOSfAZ and LOSIAZ
is that in the latter, thle cloud-radius is not varied. (Table D-3.)

Sub routines

Comment cards have been inserted liberally in all subrout[nes. However, a brief,

functional description of each subroutine appears below. An examination of the
listing in Table D-11 will reveal that many "PRlINT" statements have been rendered

inactive by a "C" in Column 1. These statements are rarely used after familiarity

is gained with the overall program. The inactive statements have been retained in
the listing to provide potential users with tools which call be used to follow tile

detailed flow of the CFLOS analysis. Reactivation of all "PRINT" statements will
produce a computer printout about 11 inches. thick. Xf wholesale reactivation is

desired, we recommend using BCI.LOS as the driver progran• since It is set up to pro-
duce only a single cloud distribution and to "fly through" only once.

SET Initializes required values within other subroutines.

CLDNO Contains only one entry: Entry CLOUDNO. CLOUDNO establishes the positions

of the centers of each cloud and a percentage coverage. The cloud center

coordinates are generated using a random number generator. Cloud elements

will not overlap.

25
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CLDOVR Contain- a single entry, CLOUDNO, which allows a newly introduced element
to overlap one existing element up to a limit equal to the cloud radius.
This entry should be used for coverages in excess of about 45%.

HUNTF Contains two different entries:

a. Entry HUNT produces the positions of two moving-objects (A,B) whose
initial positions have been specified in the driver program. The dynamics
of this entry are such as might correspond to an IR Sensor tracking a
moving object. In essence, A continually heads toward the current position
of B.

b. Entry HUNTD is a slightly more sophisticated chase routine (see

Appendix A) in which the point toward which A must move to intercept B is

predetermined, based on the assumption that B will continue on a straight-

line course at a constant speed.

Output from both of these entries includes x,y,z coordinates, the slant

range distance between A and B, and the elevation angle from B to A, all

as a function of time. The parameters are no longer calculated after a

predetermined time and/or slant range has been reached. LIMA and LIMB are

used to indicate that the elevation angle has exceeded certain boundaries,

in the case of LIMA, or that both vehicles are below the base of the cloud

(LIMB). Although not currently used, these indicators are useful diagnos-

tic tools.

FREEF Contains only Entry FREE. FREE uses the positional information derived

from either HUNT or HUNTD to examine the line-of-sight to ascertain whether

or not it intercepts any clouds. If it intercepts any cloud it is deter-

mined to be obscured; otherwise a CFLOS "hit" is recorded.

MAPF & These are the "bookkeeping" and "statistics gathering" subroutines.
CATCH

26
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Table D-1. Listing of BCFLOS.

PROGRAM BCFLOSSINPUTOUTPUT< A I
C- -AHIS..PROGRAN-NWAS,.DESIGNEITOEXAMINE._JHLT-INEIIST.ORY.AEJTHF.CLOUD_ .A._ ,2
C OBSTRUCTED OR CLOUD FREE LINE OF SIGHT BETWEEN TWO OBJECTS MOVING A 3
JC___L N_THL._RRESENCE,.OE A..CLUUO.-FJIELD.. THE..USER.NUSI.ASP EC.IF.Y.-THiE ..... A ,.A.
'. C INITIAL CONDITIONS AND DECIDE ON ONE OF TWO CHASE MODELS AND ONE A 5
C OF TWO CLOUD MODELS TO BEUSED IN THF ANALYSIS. AFRIAL.COVFRAGE OF A 6
C THE CLOUD IS DETERMINED BY THE FRACTION OF THE UNDERLYING SURFACE A 7

I •[.__ COY VEREOBY. JHE._PROJ ECL.I.UNOF_.| HE_.CLOUD.OBAS ES o ... ............ -.. ~..A ...
COMMON /BLKI/ XCLDSIOOO<VYCLDZIOOOCJJ A 9

_ -CO0N-/-5LK2/. P-XAtOOK, "Al 0 LI IP-YA QU 210A P.X8LOOS PY.Bt1.00K, PZ 3A 1090. ,A._..9.
1 (<TABUO0< ,UAB| 00<vKK A 11

k COMMON IBLK3/ AZA.AZBofEL°XbIYBIRZID1.VA.VR A 12
COMMON /BLK4/ KLNX2OO<9KLvLItMAX4<LIMB%4< A 13S. ..COM HNJNIBLKS5 _CLDB ........ . ..... . .... ... . ...... .... .. .A-..z

COMMON /BLK6/ J A 15
_ COMNON_/.BLKiL..BCLDLICLD.PCVRSRAD*HOR...- _ ____ - -.. .... A. A.16.

C ESTABLISH INITIAL CONDITIONS A 17
r Z7 9 VEt1TILALSEPARAUONILEIu1F TWO OBJERCTS A ,_L
C 0I B INITIAL SLANT RANGE DISTANCE A 19

.C-. .EL.# .ELEVAT ION .ANGLE EROM..THE.SLOWER.,tB(. TO. THE EASTER- 2A< A. .20
C OBJECT. A 21
.C.XBI._.BILi. .6..INIAL .ROSITION OF .B. .... A -22
C VAYVB 4 SPEEDS OF A AND S. VA MUST BE GREATER THAN VO. A 23

.J ADLRADALUS._.-.L.Uf-ELkLLEN.LAUn- A 24
C HOR 0 RADIUS OF REGION OVER WHICH CLOUDS ARE EMPLACED. A 25

.C_ . ... PCVR,.. PERCENT, OF COVERAGE. DESIRED. A. 26
C RCLODTCLD 4 BASE AND TOP OF CLOUD VLEMENTS/100. A 27

#..5000,13.28. A 28
D104000. A 29S. ... flID .. Ai l.._

EL#ASINXY< A 31
.ELI E Lt.180.1.3.1.A16. A. 32
XB0YBIllO. A 33
1..8.I,1501 A. 34.
VA#IO00, A 35

_ _ R ... . ........... A 1
HOR#50OOO A 37
PCVR#.3. A 38.
RAD04, A 39

.BCLD#4.... .A __40
TCLDS9, A 41

-. .CALL._.SET. - .A. ý42.
C DECIDF ON USING AN OVERLAPPING CLOUD FIIELD %CLOUOO< OR A A 43

C COVERAGES OF .50 OR GREATER. A 45
..CALL..CLOUDNO A 46

CALL CATCHI A 47
- .CALL..GILO. -A. 48,

DO I J#1,12 A 49

CALL CLR A 51
.ALARAZB&25.0 A 52

27
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Table D-1. Listing of BCFLOS (Cont'd).

C DECIDE ON A DIRECT INTERCEPT %HUNTD< OR TAIL CHAýS'iG XHUNT< A 53
_.£_S SCENARIO.----. 5_4_

CALL HUNTD A 55
A r.A

CALL CLRX A 57
- ---- A _L-REE- - A-_58_

AZANAZB-25.O A 59
_ C__ ALL 1 .,.HUf NTO...... .A60-

KKOKK-1 A 61
VA _l tJaRY . A A.!

CALL FREE A 63
-- CALL-GILl- -A---64--
1 CONTINUE A 65

CA GI L2 .......... A--66--

C ***PCVR IS RESET TO THE ACIUAL COVERAGE ATTAINED IN THE CLOUD A 67
. lIlRRIhITrIF• SETTING (COlVEAR A pDR flkTAINS THllS VAt IhF 'f1 DRINTmIIT A &a

C PURPOSES,*** A 69
CDVERAPCVR- .. ... -0
PRINT 2, BCLDTCLDRADCOVER A 71

2 FORMAT -//,IOX,29HABOVE INFO BASED ON - BASE 0 ,F5.,8BHtTOPS v ,F5 A 73
jI.f :R~f5[IIJ 4. 4COVE.IGE.flIR A 9FA •-,€ A 74

'END A 75-

$"
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Table D-2. Listing of LOSOAZ.

-_ PqOGRAN..LOSOAZSINPUTOUTPUT< ... .. . .A - _1
C THIS PROGRAM WAS DESIGNED TO EXAMINE THE TIME HISTORY OF'THE CLOUD A 2

.C .. O STRUCTED.OR-CLOUD FREE.,LSNEOF -SIGHT-.BETWEEfN.TWO-OBJECTS-4OVING... A_- .3
C IN THE PRESENCE OF A CLOUD FIELD. THE USER MUST SPECIFY THE 4
Ut INLA ~N44k N EIE - -W CH4ASE 9009:1 TO BE A - C%

C USED IN THE ANALYSIS. THIS PROGRAM IS To BE USED ONLY WITH NON- A 6
.C -OVERLAPPING.CLOUDc.FIELDS. -.. . .- A--
C AERIAL COVERAGE OF TrHE-CLOUO IS DETERMINED BY THE FRACTION OF THE A 8
C. -UNDERLYING.,SURFACE. COVERAED BY. .THE .PR1OJECTIONOF-. .THE. CLOUD-BASES.- ,A_ .9,

COMMON /BLKI/ XCLDIOOO,<YCLD1OOO<oJJ A 10

1<vTABO00<vDABtl00<,KK A 12
S.CUMNON /BLK3I AZA.AZB.ELtXB!9YBI ,DlbI.VA.VB ... -

COMMON /BLK4/ KLNX2OO0<KL9LIMAX4<vLIM6%4< A 14
COMMON /BLK5/ CLOB .A_ .15
COMMON /BLK6/ J 1',

C ESTABLISH INITIAL CONDITIONS A 18
IC Z #-VERTICAL SEPARATION OF THE TWO OBJECTS A .19
,C DI 0 INITIAL SLANT RANGE DISTANCE A 20
tiC EL 9 ELEVATION ANGLE FROM THE SLOWER. °B< TO THE FASTER-XA<.- . .A-,21.

C OBJECT. A 22
-C . .. ýAB~tY019ZDI.J_ °INITIAL _PQS.IT.AON_OF_U%, ... . .. . .... .. . .A-23.

C VAV" 4 SPEEDS OF A AND B. VA MUST BE GREATER THAN VH. A 24
C DIV10E0 BY 100. A 2S
C HOR 6 RADIUS OF REGION OVER WHICH CLOUDS ARE EMPLACED. A 26
.C.. . UCVR I PERCENT .OF COVERAGE.,DESIAED. ....... A-Z1.
C 6CLDvTCL0) 0 BASE AND TOP OF CLOUD ELEMENTS DIVIDED BY 100. A 28

40#5.000.1t3. 28 .. . . ....
D014000. A 30

A 31
EL#ASINY< A 32
ELOWL'180,/3.1.416 ....... .. . .. . . ..- 3
XBI SY8I6O. A 34

_. .Z11.9 150. ... . . . . ... ... . . ..A _35

VA#750. A 36
_ V_ . .. ,. . . .. . .A 37

HOR.5000. A 38
.. ELAGb0 -k-3.9.

1 CONTINUE A 40
-- ,ELAGOPLAG&I .. _A_4 1

KKKNO A 42
_._._- tvt. _ . .... A 43

RAD#4. A 44
.2 CONTINUE. --A...... AS.5

UCLDO#. A 46
.T,CLU.9. --------. .A. A.._41

3 CONTINUE A 48
1..HCLQ.1tCLDLaCLD._ __AS..
O0 6 M#1,2 A 50

.C. .CHANGE. THICKNESS .OF CLOUD WI THOUT. CHANGING .BASE OR-ROSIT.ION.1OF . A. 51.
C ELEMENT. ** A 52

YCLO MI C LD & tF<M-I M( ICLD/2. ,A.- 53,
IF IM,GTI< GO TO 4 A 54

_....... F_ZKKKaGT..Oo<_.GL.1 0 _ _.. . . . . . .. . . . .. A_ 53.5

CALL SET A 56
,C USE A NON-OVERLAPPING CLOUD FIELD ONLY. A 5-7
C DO NOT CALL CLOUO0 WITH THIS PROGRAM. A 58

CALL CLUUDN() A 5%)
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Table D-2. Listing of LOS0AZ (Cont'd).

4 CONITINUE A 60
CALL________________________ A Atl

CALL GILO A 62

ALd0930*0*TJ-1< A 64

-CALL.-FREEA7
...AZ..&IAZBr.25 - A 66

CALL..HUNTO).- -- A-69
,KJKKk-l A .

-- CALL.,CLRX _A__ 76I -.. CALL FREE A AU2

CALL GILl, A 78
_CL FRCNTNEE -

CALL GIL2 A 780

raVF4RA0I . 2( _ - fnka* *7 £ A at

PRINT 10, BCLD9TCLO9RADCOVER A 82

KKKOKKKE 1 A 84

C CHANGE THE RADIUS %AND THERE-FORE COVERAGE< WITHOUT CHANGING THE A 90
-.C POSITION. OF THE-.ELEMENTS. .fHIS. ORKS, ONL.YLWLTH.-CLODNOo ... _ ____ 9l

7 RAD#3. A 92
____ _XK,-.<G U- - A 9

GO TO 2 A 94
a. CONT.INUE.-- - - - - -- 9-

GO TO 2199<9 FLAG A 96
.9-CONTINUE------------------ __-A. 97.-

C A 98
1.0 EnRMALVX.1*40X#29kiA~fliO.F !M BASE ON~t BaASE a ' t4_1gwIn.TD jjOF A

1.1,11H ,RAUIUS N ,F5.1,13H vCOVERAGF 0 ,F6.3< A 100

-.END- _ _ _ _ _ _ _0l

30
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Table D-3. Listing of LOSlAZ.

SPROGRAM LOSlALSINPUT*OUTPUT< A I
Z.C THI S .PRUGRAM..WASESIGNED TO..EXAMINE.HELIT.IME.HLJSTURY..OELTHF -CLOUD .A-Z
C OBSTRUCTED OR CLOUD FREE LINE OF SIGHT BETWEEN TWO, OBJECTS MOVING A 3
r IN_ iE-.TR SL C . .DA.. A!Ii7m UFlFIn- THE lvsFR ncIKT pFfrtrv Triu , W
C -INITIAL CONDITIONS AND DECIOE ON ONE OF TWO CHASE MODELS AND ONE A 5

.C. OF TWO CLOUD, MODELS. TOBE USED.,IN THE. ANALYSIS....AERIAL_.CVERAGE. ,OF A-- .&-
C THE CLOUD IS DETERMINED BY THE FRACTION OF THE UNDERLYING SURFACE A 7

t ,. COVERED BY THE..PROJECTION OTHE.CLOUU.BASES.. ....
COMMON IiLKI/ XCLDtIOOO,<YCLDXIOOO<,JJ A 9

* T•~'CmmnN toI lt)' PXAXll NII.DAXtI (OQp (@RX8%DIO0X@ X8XI00CR Z4Xl~p•J[lO A I,0L_

1<,,TAB IOO<,DAB10O<,KK A 11
COMMON /BLK3/ ALAAZB.ELXBI.tYBIZBIDI.tVAVB. A..12.
COMMON -BLK4/ KLNt200<vKL9LIMAX4<9LIMBZ4< A 13

.COMMON /RLK5/..CL D -.A.-14.
COMMON /BLK6/ J -A 15
'C nMMONLL8LJ7I.CL44CLD.P.VR..AD.. A--4

C ESTABLISH INITIAL CONDITIONS A 17
-C .Z. I VERTICAL SEPARATION OF .THE..TU.OO.JECTS -.A. -18-
C 0DI U-INITIAL SLANT RANGE DISTANCE A 19
C. EL 6. ELEVAT.ION ANGLE..FROM..THE. SLOWER., IBI<,.TU- THE. FASTER -A<. -A -.20.-
C OBJECT* A 1,
_C _ .IXLfL-I.I.IT.lA-PnITI PON UB- A 22-

C VAVB 0 SPEEDS OF A AND 0. VA MUST BE GREATER THAN V6. A 21.
C- -RAD. # RADIUS1 OF -CLOUDU.ELENENT.$/-OO. 00, A-...... 24-
C HOR 0 RADIUS OF REGION OVER WHICH CLOUDS ARE EMPLACED. A 25
C PCVR U PERCENT. OF COVERAGE. DESIRED*.. .... .. ... _.-.26-
C BCLDqTCLD # BASE AND TOP OF CLOUD ELEMENTS/tO0. A 27

- -l",0000-,4-.28- A* 20i

D014000. A 29
SR#DI A. -30-
Y#ZISR A 31
ELSASINXY< ... -

EL#EL*180./3.1416 A 33

Z810150. A 35

VA#IOO0. A 37

HOR#5000. A 39

I CONTINUE A 41
FLAGIFLAG&I A 42
KKKOO A 43

4 ... .P*YB..,T... -.. . .. . . . ...-...... A -

RAD03. A 45

tICLD#2.5 A 47
TCLON29. A 48
TCLD#5. A 49

.... 2,C .NUF _ .... . .... .... . . . .. .. .......... A 5
THCLD#TCLD-BCLD A 51

-- ... .. ._ D ,.5._M #.l ,t 2 .... . .. ... . .. . ......... . ... .. . ...... . . ..- - - A .- , 5 2 -_

C CHANGE THICKNESS OF CLOUD WITHOUT CHANGING BASE OR POSITION OF A 53_C ELEME INTS. *t* .. .... .... .. .A

TCLI)OTCLD&%M-1<*THCLD/2. A 55S. . . ..---------- <.G-T, ....... .. . . .. .. .. . ... ....... ...... 5& _ -5 .

IF XKKK.GT.O< GO 10 3 A 57

C DECIDE ON USING AN OVERLAPPING CLOUD FIELD 7,CLOUDO< OR A A 59
IS RC11MND~l-BIRA A.01

C COVERAGES OF .50 OR GREATER. A 61
.. CALL..CLQUDO ......... .. h Z
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3 CONTINUE A 63
CALL~M.~A- ---

CALL GILO A6

DO 4 JNIP1.1 A 66
AZBM30.O*ZJ- 1< A 67

... .. .ALLCL .. A. 68
AZA#A7i6&25.0 A 69

_.... A•AiA L55~ .. .. . A 70
C DECIDE ON A DIRECT INTERCEPT XHUNTD< OR TAIL CHASING %HUNIC< A 71

A 72
CALL HUNrO A 73

SA 7-4
CALL CLRX A 75
CALL-EREE. A 76
AZA#AZB-25.0 A 77

. AiAAZ.B--I5-i.- - 7Ai
CALL HUNTO A 79

CALL CLRX A 81
. CALL. EREE .. . . . . A -82

CALL GILL A b3
______ ~ u A 86t

CALL GIL2 A 85
..COV.ERMP-CVR -A .86
PRINT 8, BCLDTCLDRAO,COVER A 87

__ 5-.CONIINUE. A-18
KKKOKKK&I A 89

C- .- CHANGE- BASLS 01- CLOUD .W.ITHOUT CHANGLNG...HE POSI.TIUN OF -THE- -A 90
C ELEMENTS. A 91

BrCD3CI fJ...5. _ A f --
IF %KKK.GT.2< GO TO 6 A 93

-GO 10 .2 .... .-.... A- 94
6 CONTINUE A 95

"- GO TQ.%1.7<, FLAG . A -96-
7 CONTINUE A 97

8 FORMAT %//,1OX,29HABOVE INFO BASED ON- BASE # ,F5.1,8H,TOPS 9 ,F5 A 99
1.-,lIH ,RADIUS 9 ,F5.I,13H ,COVERAGE .11 ,F6.3< ..-.-...... A. 100

END A 101-
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Table D-4. Listing of Subroutines.

SUB3ROUTINtE SET - A I
C THIS SUBROUTINE INI1TIALIZES REOUIREL) OPERATING VALUES. s~A 2

CýALL CL ONO -_ A 3
4CALL CLDOVR A 4

CALL HUNTF -A 5
CA6LL FREE4 A 6
CALL MAPF 7 -__

RE TURN A a
ENO ____ ____ __ A 9-

- - U'BROUTINE CIDNO I
C THIS SUBROUTINE GENFRATES THL CLOUD FIELD TO BE EXAMINED.*$**t*- D 2
C *CLnNO PRODUCIS A NON-OVERLAPPING CLOUD FIELD AND CAN BE USED 13 3
C FOR COVERAGE UP TO ABOUT 45 PERCENT. SUBROUTINE CLOOVR IS 11 4
C RECOMMENDED FOR COVERAGES GREATER THAN 45 PERCENT. 13 5

_QC9MMON /BLK!/ XCI~%p0i<.,YC_1D'XI00Q,JJ - ~ -8 0
CUMMON /BLK7/ 8CLI),TCLDPCVRrRAD,HOR 13 7

C INITIALIZE*u*A* B3 8
SMI NO.00-01 11 9
JJmo 13 10
JPSS#2000 63 11

7;- - PY#3.1416SCDR#PY/183.OSCRDNI.Q/CDRI - 1 z
XRAM.*~OR~AD~1OD<SFANRD*IO.SRAN.*FA 1 13

CVRMPCVR$SCLDS#O.0$13MP#PY*FRA**2 (3 14
TAR~i'Y*HOk** 2 11 15

- CPNSECNDCP<l C? ~ . (1__ 2JL.
CALL RANSET %CP< B3 17

C *~~*~~* END OF INITIA IggZ J**-13 '11
RETURN 13 19
ENIRY CLO)UDNO .0Z
PRINT 7 B 21

_j_ )CNjJEf2L
C ]* EST FOR PERCENTA LOUD COVIR REACHED 11* 23

PCN4I#CLIDS/TAR 1) 21t
IF '4PCNT.GT.CVR< GO TO 5 13 25

2 CONTINUE- 13 26
C TEST FOR OVER 2000 PASSES B* 1 27

IF %JPSS.LT.l< GO TO 5 B3 29)
KPSS#20O0-jPSS 1330

C ***OBTAIN X AND Y COORDINATES FROM RANI)OM NUM GEN * ~11 31
RX ' 3ANFPY<SRYORANFPY< Lk3 2
XPNRX.'XRA-%tHDR-RAI)1'IO0.< $YPNtRY*XRA-IHOR-RAftk100l. < B3 33

IF %ARG.GT.SML< RPOSQR~tARG< B1 35
C_. **TEST FOR X ANI) Y WITHIN A(QCEPTAl3LI: LIMITS 8* 36

IF 'CRP.GT.%H0R-RA0*IO0.<( GO TOl 2 B1 37
C TEST I-OR OVFRLAP ON OTHER CLOlUDS.*-** 13

JN1 B3 39
3. M)UL-- .~i~L

IF %J.GT.JJ< GO TO 4 1% 41
X4NXCLD'AJ<$YJ#YC LDJ< 13 42
XT#XP--XJfYTiiYP-YJSRT#O.O 11 43
ARG#XT**2&YT*v'2 13 44
IF ZARG.GT.SML< RTDISQRTARG< 53 45
IF %RT.LTo0RA< Go Ta 2 b3 4t,
JUJGI 11 41

_.-GUTO 3 - A -- - - i 4L.a

33
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Table D-4. Listing of Subroutines (Cont'd).

4 CONTINUE 8 49
- *~* ,X.AND Y .HAV.E BEEN-ACCEPF-rI, - ------ L5~

C # STORE RFSULTS *~**UPDATE CLCULJ COVER ***PRINT 8. 51
- .JjmjJ1U _____.2

XCLDtJJ<OXPSYCLUIJJ<#YP t3 53

C PRINT 8,JJ,XP,RP,CLDSPCNT,KPSS 8 55

5 CONTINUE 8557
P.CVRWNPCNI -

SCL9O.O1 'D 59

C *STORE SCALED VALUES OF THE CLOUD COORDINATES B 61
-- XCLOZJ<NYCLD.%J<(SCLS.YCLDZJ<UYCLDXIJ•*SCL -11- -62
6 CONY INUC B 63

PRINT 8,JJ~tXRY.P.RPCLDSP.C6LTjrKPSS -- -.8 64.
RETURN, B 65

C B 67
,C - -. 8, -68
7 FORMAT UCHI/IOX,2HiJJt11X,1HX,11X,1HY,1AIX,1HiR,8X,4HCLOS,8X,4H4PCNT9b 8 69

1 XI,AIKPSS.< B .70 ~ J
8 FORMAT %2X,I1O),4FI2.1,FI2,3,IO< a 71

--- -- ND g.- - - _______ 72-

SUBROUTINE CLPUOVE C 1
C ]HIS SUBROUTINe PRODUCES A CLOUD FIELD WHICH ALLOWS FOR SOME C, 2
C OVERLAPPING OF INDIVIDUAL ELEMENTS. ANY NEWLY INTRODUCED ELEMENT C 3

-C,- 1&W.DJ VEPRLAP-NO- f.TILF. OK.Alf 0L OTER-CLM0UDEL-EdERN-Jf -WLAr 4
C NEWLY INTRBI)UCED ELEMENT WOULO OVERLAP TWO OR MORE EXISTING ELEMEN C 5
C IT IS REJELTED. THE RESULT IS THAT STRINGS OF CLOUDOS ARE POSSIBLE C 6
C BUT GROUPS Of- MORE THAN TWO CLOUDS ARF NOT POSSIBLE. C 7

COMMON /BLKI/ XCLDU%1OQCYCLD~l1OOO(,JJ C 8
COMMON /BLK?/ BCLO, TCLD, PCVR ,IADitHOR C 9

.C~~1NLT1T.ALI ZE-"*+t'l,. r in____ CL
SMLND.0301 C 11
JJmo C. .12
JPSSI~mPSSN 1000 C 13
PY#3.1416SCORWPY/180.OICRI)MI.DICUR -C. 14-
XRA#2.1t-HflR-RAD,%100. < C 15

-- ERAdRAD±1Q0-... - )A.----________

URA#2.*rRA C 17
CVR#PCVR, C -4a
6MP#PY*fRAA4. C 19
TARtJPY*t10R*v2 C 20
CLDS#0.0 C 21

-- C2.SECUlNDZCP,< ---

CALL RANSET TLP< C 213
C ***4*** * END OF INITIALIZE *4 "* C 24

RETURN C 25
ENTRY LLOUOO C 26
PRINT 9 C 27

I CONTINUF -C 28
C $St TEST r (10 PRRCENTAGE CLOUD COV(-R REACHED. C ;' C 4

____ PCNT#-CLD)S.TAIR -

It- %PCNT.l.T.CVR< GO TO f, C 31
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Table D-4. Listing of Subroutines (Cont'd).

C * -fE7ST FOR OVER 1000 PASSES Si*C 33
JPSS#JPSS-1 ____C .34_
IFi- JP'ýSS.Lf. 1<-G Ga TO -6-- C 35
KPSSNMPSS-JPSS ____C 36

C ***T* OBTAIN X AND Y COORDINATES FROM RANDOM NUM GEN * C 37
- RXNRANFPY<$RY#RANFPY< _______C 38

XP#RX*XRA-%HOR-RAO'*10o.. C 39

RPN0.D$ARG#XP**2&YP**2 C 41
IF ZARG.GT.SML< RPMSQRTARG< C 42

C **TEST FOR X AND Y WITHIN ACCEPTABLE LIMITS **C 43
IF %RP.GT.%HOR-RAD*100.(< GO TO 2 ________C 44

C *TE-ST FO-R ýO-VERLAP ON O THER CLOUDS. **C 45
J#1 ___ _ _C 46

KBM#IC 47
BMPXXRMP C 48

3 CONTINUE C 49
IF %.GT.J< G TO 5 _____

x J 9 i666D -JZ iYJYiiCLDZiJ < C 51
XT#XP-XJ$YT#YP-YJ$RT#0.0 _____ C 52

ARGXT~CYT*2C 53
IF %ARG.GT..SML( RTA.5QRTARG< C 54
IF %Rl'.LT.ORA< GO TO 8 C 55

4 CONTINUELF C 56
J#JC1l C 57

S GO TO3_______C 58
5NU CONTINU C 59

C **t X AND Y HAVE BEEN ACCEPTED ***i' C 60
C *STORE RESULTS ***UPDATE CLOUD COVER ***PRINT **C 61

JJ # J. C&Z..
XCLDJJ<A#XP$,YCLDJJ<#YP C 63
CLDSI#CLDS&BMPX __ _C 6

G~l O 1C 65
6 CONTINUE _ __C 66

PCVR#PCNT C 67
SCL.#OA.D1 6 -

DO 7 J#1,JJ C 69

7 CONTINUE C 71
PR'LLN-D-J.Ja2XE.LYPLE.E.C&LD$PCNT.KPSS -C 72
RETURN C73
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a CONI INUIE C 7Ai
C I LSI I-OR VV1 RLAP UN MORI, lOIAN O1NE~i IUM(ENI . RL-Jf-~CI It' THE NIW c Pi

C 11.IMINI OVURILAPS MOREi THAN ONE- 01111 LLEMI.1 ORirIOVLAS C1
C BIY A 1)1SI ANCV GRI3A1E 131 HAN IIIC3 RAO) lS (it 1111' OVERLAIPPC0 tLLIMIENl.# C 77

IF TK0!4P.I.I.l 60o TO 2 C 79
C *0113Tt:IMINL 11113 AOOII IUNAL CO1VV-RAGL INUUCI3U 13Y 1013 POILNIIALLY c. 10
C ACCI3P1AIIL(- NEW R3LMI.Nl * N111F1' hlAl 1 hF AOOII tNAt, COVERAGE WILL NO C HII

C 31 USED 11' A MOVE- IS MAUL, 10 ADDRESS 2 OEAMVEIS MAUL 10I a. 21
C ADDRESS 5. ~C8

0 2N O),A-11 IC 1

00.M0. O$A RG#MRA$ "Z -O3 2. C 81
IF %AR'G*GI.SML< D'tNSURki.ARG< L. 0i0
ARG#D4/()RA C (19
ARkGNO'i/DRA$ANGII2.0*ASlN%AKG< L 90
RATNANG/%2.O*Py( C 141
-I .A1 D-DV/Z.O$AZI(AI.*BMI!SAJ3#2O. 0A2-( 1. 9)2
BMV X IIMV'X- A 3 ( 93
Kl3-MINKt3MP- 1 C 1) 1
GO 10 4 C 9,)

C C9
C CQ

9 FORM ATI h/141OX,W.I(J , tI X, lOX , tIN~ I Hy I I Xt1h4N, (SX 41CLOS, OX, 4III'CN 1 6 C 99
I XA11IIKSS< C 100

10 FORMAT T2X#I1d,',F12.lFI2.3,I1O<C l
ENO C It)?-

SUBiROUTINIt- IIUNTF 1)
c * T~ilS SUILRLIUI IME DET1ERMINES 11113 POR1I-3NS lI -11`11' VE-141CLLS is 0 z

C A FUCI ION OIF SIMULAlFO) TIME. 1*' 3
COIMMON /ItllKZI lXAZI 00< oPYAZlOO(.PLAZI 00<sP X1111O0 o(,PYBI 00<,9I'Ill 100 11

I<,TAtV1~1O(0<tAII31O0<,KK 0) 5
_CQMK11N. j..LK31..A1LA.ALI3 * ELo XtI I.*T Lil- LIII. 0VA s.VI1 11 t,
COMMON /IiI.K'4/ KLNfr200(,KLvLIMAt4<tLIMtIV4< Ii r
COMMON I tILKSil LLOII 11 1
COUMMON i)I1.K6/ J D 9
COMMON / LK7/ IILO,I1CLI), PCVII dOIi) 1)01 10

C INlTIALI1LL.***** 11 11
_- SML.10.00D0I U) 12
P'Y#3. 1416$CI)RNP'Y/ltIO.O$CRtO#l .0/1,0)1 1) 13

c ENO OF INIIIAL1LL.$*ý**% D 1~4
RETURN 01
ENTRY IiIINIL) 16l
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Table D-4. Lis3ting of Subroutines (Cont'd).

C DFT ERM INE POSITIONS FOR DIRFCT INTERCEPT MODEL USPW, TIMF STEPS OlF 0 17
C_ 0.2.-SEC~ONUS.. -NU]T LrJ.HA.LI N-1 Ih1SMOD-LI 1:1 E-ELEVAIJAN-.ANGLL.REMAI.N&AL..1-8-
C CONSTANT. *0 I 19

PHi MIEL Di 20
C PRINT 13,AZAtAZt3tI-LtOI,ZBI 0) 21

AMC0R*AlDl$VXBOCUSZA<'Vfl$VYI1MS INZA<*VB D 22
A#CiOR*AZA$I-#COR*EL 0 23

VAt #DIOCOSL(.SINA< 1) 25
ZAIIIII*SIN'LE<CZCl 0 26
X4%MXAISYANYAISZAOZAI 1) 27
XBkXIII$YB1#YB31$10M113$V#UI D .!8
CLDb13MCLD I0 29

(TMMo.0 0 it
J I MVOSJ OLI1 #40 1) 32
D7MJDLI /100.0 1) 33
KKN0 1) 34

C PRINT 11 0 3 .
1'FLAGqO ) .36
KfPMKLIS0F1 '0 17
OL ILE ~~~ _LIiC LI NAL9(tYXJ(1S.lJJ._Or- _UP.liE. .VEUI.CLLS.. ±.ý.
A#CDR*1AZI 0 39
DUM1#COSZM' ZXA&YAI'1 ANA<< 0 40.
DO N% 2 / Vl2 <- 1 0 41
U~#ZUMCSR'0MI*&U2D*2<DM U 42

D)AMSQRT 'K?.XF'-XA(#*2&'YF-YA<** 2C%ZB-ZA<#*.< 1) 45
PMZXF-XA</OA$O# tYP-Y A(/VA$RM'%ZL-ZA</UA 1) 4o

I CONI INUF 0 41
C UIT L-RMI NE. P115 IOII NS OJF A AND II, FOiR THE F INAL POSh I IION JUSrT CALCUL 1) 4 0
C AT130, L-VERY 0.2 SFCOND)S.***** 1) 49

PIXA'tKIKCMXA$I)YAZKK( MYA$I'LAKK<MZA 0 1;
IIX'XIKK<. XL' $PYI3 KK<NYI3PLI3ZKK<MZ0 1) 5 2
TAIII'KK<#TMWIABKK<#MOr

C VRINTI ZKI'SSt1M4,XAtYA,LA,,\B,YI3,10,U,PIII 0)5
IF WKFLA(;.I.Q.I< GO1 TO 2 11 65

.C.~~1 A AAS.RLACKLI) DASE-(]l-.CLUUUS.J.LLAG-(l.T1 -IiSJSI1.UON. 1)_.5C~
IF '9iA-LT.CLOB* 100.< GO 10 1 1) '1

2 CUNI INUE I) 1 B
KPSS#KPSSC I) P ;9
IF %KPSS.G1.lOO< GO) 10 4 ) 60

C IF SLANT RANGI. IS LFSS THAN 1;01 UNINSt S1OP.****'\ 1) (11
__ SA E.L 1,11S 1PUS.1] IO *,\%,\ u__ 6L

II- GO.1~O.(6 10 4 11 6 ý
JIM#JtMGJDI.i $ SM#JT.4$1 1M1NIC/O.0 U 6111
H'. %1M.GT.9.0< G;O 10 4 1)6
VXANVA*P$VYAA'VA Q$VZANVA*'P Li 66
XAMXAC.VXA*DTYAOYAlWYA\*1)1$lANiAC.VlA*IDI V 117
x 0 x 34.VXL3) S 1$y B I Y 1) & 3411 y $LL'iU T 1) ItNI13 (
0)00.*0 0 1) 1
ARGMZX0-XA<$*2&"Y[I-YA< &21L;L-ZA<\"*2 0 to
lfý '9ARG.GI *SMt.< ONSQRITARG 1) 71
G.; 10 1 0 10'

3 LIMh1'ZKM<XKK-1 1) 71
- Kr:LAGNI 1-1 1 4'

GO 112P1

1_7
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Table D-4. Listing of Subroutines (Cont'd).

A IF %LIMAZKM<.LE.1( LIMASKM<UKK 1) 716
IF %LIMIIKM<.LE.l< LIMIIXKM<NKK IJ 77
SCLIO.01. 0 [a

C SCALE THE POSITION VALUES. 1~ ) 79

5 ~PXAZK<#IXAZK<*SCLSPYAK<9PYA1K(*SCL 0 811
I2AtK<#PZAK<*SCL$PX0:K(9PXB:K(<*SCL 0 82
PYBIK<#PYII2K<'SCLSIPZBK<9PZIVK<* SC 0 63
OABUK<#O0TUK<*SCL 0 aq'

5 CONTINUE 085

LNTRY HUNT 0 of
C THIS ENTRY UETERMINES THE POSITIONS OF THE TWO VEHICLES WHEN A ) all
C ALWAYS HEADS TOWARD THE CURRENT POSITInON OF H. 11 I 81)

C PRINT I3vALAALIIEL,O1lvZI 1) 90
CLOB#TIICLD 0) 91
ANCDR'*ALLI1VXII#C-OS:A<*VBSVYB US I NIA<VB II 92
A#COR*AZA$E#Ci)l*EL 0 93

-- XAI.fiDICUSL-tCUS1A.C - --- _____ LJ
YAINI)I*COS%[?<*SINA< 1)95
2A1 901+S INZE( 1 96
XAOXAISYANYAIS1ANZAI 1) 97
XlIINXlI IYBNII*YI sLti#znl &ONO 1 1) 98
KPSS#0 1) 99

TMNO.0 1) 101
JTM#OSJOL1 #20 0 102
DIUJI)LT/100.0 I) 103
KKN# 0 10'4

C PRINT It 0) 105
~KELAGNI-ELAGNO. ALt

C -,-ESTABLIISH4 TilE BOUNDS WIT FUN WHICH ST AT ISTI CS WILIL BE COLLE'CTFD. 0'1 107
UPPERMELE5. L) 106
LOWERNEL-5. 1) 109

iKMOKL/50& 1 1) 110
6 CONTINU. 0) 111

-. C. _0ERMINEiAlE PUSITIONS .OF A .N.Ii±~___- 1~L
KKOKK&I 1'113
PIXAKK<U XASIIYAZKK<NY A$PZAtKK<UZA U 114
PXlIIKK<#XII$I'YII%KK<NYIISPZBIKK<LllI 1) Its
TABl .KK<4TM$OAI1%KK(#0 0 116)
IF. XKf-LAG.LQ.1< GO) 10 7 0) 111

-C. 11 A HAS REALIILU rAL .11ASE, .01 IHC .CLOUUS,.-rELAG -TLIS-POSIT-10N. Im (1 l1id
Ill %1A.LT.CL0AII'00.< GO TIO it ) 111)

7 CONTI INUCE 1 120
C PRINT 12 ,KPSSTIMXAYA ,ZA,XIIYI, Lti,I),PI)II 1) 1;,1

KPISSOIK PSSE 0l1 122
C IF' TAL SLANT RANGL DISlANCI- IS LESS THAN 501 UNI IS,,OR1 IF IHr 1111
c SIMULATED lIME*. HAS EXCICOLLU 1 SLEC(NIOS. SlOP. tfi 0 .1 Z'.

If- %KPISS.01,.90( 1,0 TO) 9 012"
1A X0.11I.501 .0< Gil TO 9 6 1)6
jTM#JiM.JOLT$1MUJTMtTMNIM/10O(.OI A)11
II fl1T.. GO 1*0 ' .

VXA#VA*IP1VYANVAQ1V.'A~IVA*"R 11 ILIU
XANXAt.VXA$0Il $YAtO YArCVYA*I) I $LA lAGV1AA0I I 1 1



March1976USAFETAC TN 76-2

Table D-4. Listing of Subroutines (Cont'd).

C DETERMINE THE CURRENT ELEVATION ANGLE. * D 133
090.0 -0 134
ARG#:XB-XA<**ZEYB-YA<** 2C&IB-ZA<0'2 0 135

PHI aATAN2ZR,SQRTXP**2EQ-*2« D 137
-PHI U-PHI *CRD -0--138--
IF tLFLAG.EQ.1( Ga TO 6 0 139

,C. IF THE ELEVATION ANGLE HAS EXCEEDED THE ANGULAR L1.M1TS-ESTABLISHED 0 140
C FLAG THIlS POSIT ION. * 0 141

~P1.tUp.R..P.T.o ~ T- O W6 D 142
I IMAXKM<OKK 0 143
LFLAGN1 0 144
GO TO 6 0 145

8 L INB KM<SKK- 1 0 146
Kt:LAGNI 0 147

9 IF %L!MAKt<.LEII.1 LIMAtKM<NKK D 149

C SCALE THE POSITION VALUES. 0 151
SCL) 0.0-1 Q .1.52..
DO 10 K1I,KK 0 153
.P!ýA%!K•0PXAýXK(<SCL$PYAI%(<#PYA1%K<*.SCL .0- 1SA
PAZAK<NPLAI.KQ SCL $PXZI!K<#PIIXBK<* SCI 0 155

D 156-
0AIIXK<OOAIVIK<*SCL 15

10 C-ON TINUF 01-
RETURN 0 159

C D 160]
C 0 161'

SUBIROUTINE FREEP E 1
'C THI SUB3ROUT'INE USES THE POSITIONAL INFORMATION PRODUCED IN.EI.TliLR E 2

C HUNT OR HUNTD AND T14E CLOUD INFORMATITON GENERATED B1Y EITHER CLONW E 3
_C ,Q LXY~IJiILE"IN 1 LJ3~ QILf.Q.iEIME N

COMMON /DLKI/ XCLU2IOOO( ,YCLDIO0O<,JJ E 5
COMMON /ITLK2/ PIXA:100<,PYAX100<,PLAI100<,PXU1100-P.OlO<,n:o0 PZLI'100 E 6

411<tTAIIII0OCABIOO<9KK F 7
COMMON /BLK4/ KLN%200<tKLtLIMA%4<tL1Mt3%4< E 13
COMMON /BLK15/ CLDO E 9

- C-jMM~bL/jQL1(( j- E 10

LUMMON /O1K7/ RCLD9TCLD,PCVRvRAI),HOR c- 11
c INITIALIZC- ~**# E 12

PY03.1416SCI)ROPY/1t30.0SCRONI .O/CI)R E 13
SML#0. OQOO 1 C 1it
CRNRA)S.Cl'J2.*CR E- 15

- StUIIIO.A1 -

KD)LNK# I R E 1 7
KXNLRX E 18

C END OlF INITIALILE. v 19
RETURN C 20
ENTRY rRE!E F 21

-CLUDI3ACLD.$CLUOrTCLI) -f--

JCLGNKFLGN0 F 23
CRORA($CZ#2.*CR L 24
KNT# Z0F~ 5

KooE 26

39
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Table D-4. Listing of Subroutines (Coint'd).

I CONI INUE E 27
ANI9N& -R G L~ ___ ZH-
JC4 I b 29

c '*04"t SIMII 1ORWIGIN TO AX.AY AN() ROTAIL AXCS rOR- iiYii l 30
C SLOPF 101/1)~ 31

KiiKC1 L 32
If, UR.0IKK< GO TO 17 E 33

tigIX~PtitK< (1 IIV YtvZK<IILVI. MP~lb*K< E %5
HMU Y-AY S ON RX-AX$JR4SUR f U-Q"'&Dsl 2 < 1. 3 &
SC.N 41 .0ýI 1 ').IfA.0< SUN#- I. 3 E 31
IF tA13S'4O.LT.sML1I< 1)MSUNINSM1.II 38

SL.PLttIE1LVL-ALVtX/R E1 40
ANG AlANIiDCIOGSMAG ~R0F 41

-.LSN4kC.0S1AN&.<sr SmAms iNZANtC----------------
c kilt AT ION I QUAJ I IONS E 43
c. X1MXYA 0- F1~tW.'X A X 1SN 44
C Y1'JY-AY<C'CNA-tX-AX<*FSNA Fi 45

*c PRINT 26 r- 47
K(NNKNI-.1

*C PIt1, 25,KN, TAtl'%K<, IXAIZK< PY AK< PI 7AiK, PXh1f.K<, PYXK(, PZl%%K<, DA[ T F 49
C LK(,K E 50
c TEST f-OR A AND It AHOVIl OR 11HLOW CL.011) I ELI) F 51

Ir- '1ALVL.GTr.C.LDI GO TI) 2 -E!)
If- %RILVt. .Gr ..I11 DCI GO 10 2 E. 53

C A-.ANUL.J1-AR.L Bu 111, 1lILLUW' .C LIILSOý- -- S
We TO I I F 55

2 COlNT INUE E 56
If 'CALVL .CIT.cDr( GO TO 3 F. 57
ir '9BiL.VL.LI.CLDT( GO) 10 3 L 58

c A ANI) lk AR I- BOTH AMIMI: CLOUDIS E 59

3 ClINT INW- E 61
4 CUNIINUr 1. 62

C.XNXCLI)CJ(.<tLY.VYCI.0ZJC( F 63
I`RM1kC.V-AYSI RM4$r.X-1X E &4
X#IRMI*FSNAfCTRM2*CSNA F 6 5

C Tl..,T FUR (.tO LI 1-'4FCN A AND 1k r. 67
I~ tZX.L I.-CR< GO TO . 68
lf, 'X.A.T .%RFCR<( Go TO 6 F 69

1. CL.,UU) IS I CA ILD 111 I WFIFN A ANt) 1 E '10
r TINI 11n11 A INSIDI' i.VL. IIAS[ 1. 11

ARU~~~ 1Xý4'L 3
!I 9ARt..Gl.SMI( RIiNSWRIZARC-e t. 14
IVI-RI .11.I.LR< GOI 1O 12 7 5

c CL~ ~ iFOR U INSIOL CI IIASL F '16
X 14 X-Rs T# Y VIs R T %) .0 r i -
AR6ALX1.2V * ~ t QC ** -7-q1
I F %AKI.. G ;1I .. %M I 1% 10QR1r: ARtC(, Fl)
I I. ZRI .1, .(. (,it 10 1I t 80

c I I S I I tM. 1 0% IN I I KCI Pf (IF CLO 111W( I N ON 110t XY 11 ANI 1. ~It
AUYVMAiS TY- c all
IF KAI&V I Ii R (. O It ý I I. itI

il LLNl INUE -L 84

11 UJL.L1.jJf, t-O 10 4 L 86

It,~. 11 8
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Table D-4. Listing of Subroutines (Cont'd).

6 CONTINUE
C LOS NOT OBSCURED BY CURRENT CLOUD E 89

_ - -,- ..T-. 3O0
7 CONTINUE E 91
C LOS INTERCEPT OF CLO PRJCTN ON THE XV PLANE -E -92-.
C TEST FOR LOS CL INTERCEPT ON THE ZX PLANE E 93
C PRINT 22,JC - ----

STPMO0.5ARG#CRA*2-Y**2 E 95

XI#X-STPSX2#X&STP E 97, __. Z 1 ALVL&$L ZXj,$ Z2#ALVLU .•,P• *X2 9ZIAV&5P* F 98
8 CONTINUE E 99

_.C __.EST FO Z.U ANDi Z2 BOTHJESS THANJ•LDJ3ASE ____

IF %ZI.GT.CLDB< GO TO 9 E 101
... F[2,.CLOB• GOlD _._____......I...D..

C ZI AND Z2 ARE BOTH LESS THAN CLD BASE E 103
GO TO 5. F 104

9 CONTINUE E 105
-. ... T.Ej j 1. AND 22 ROTI. GREAT.E. .HAN.CL.OUDITOP ±..t_**_ _..__ O.

IF ZI.LT.CLDT< GO TO 10 E 107
--... LF 2-.k.CL41<_GO.T.O O -0 F 10L

C Zl AND Z2 ARE BOTH GREATER THAN CLOUD TOP E 109
GO TO 5 F 110

10 CONTINUE E 111
_C... LQSIS-_8SCURE0. *2•OB.AJtN.L_. OFAAN E IF 2._KLN%KLK<NKBLNK E 113

C _ .PBI 4 .2 ,J.C .. ... .. .. .. . 1
GO TO 14 E 115

11 CONTINUE F 1JAL.
C CLOUD FREE LINE OF SIGHT FOR CURRENT A AND B E 117

_.. .. R P fl.T 2i- J C ..... _ _ __ _ __ _ . .E l

GO TO 14 E 119

C PT A FALLS WITHIN CLD PRJTN ON THE XY PLANE E 121
., PRINT 2Q.,1[ F 122
C TEST FOR LOS CLD INTERCEPT ON THE ZX PLANE E 123

F 124
STPNO.O$ARGNCR**2-Y**2 E 125
IF _ ABG.,G.T.,.S.LC<S iPASQRLUARG•C E__- _126.
X2#XCSTP E 127
Z2#ALMVLSLP7*X2 F 128
GO TO 8 E 129.J....ILNTUE. ~. E-..EJ O_

C PT B FALLS WITHIN CLO PRJTN ON THE X0 PLANE E 131
_R .. . MJ •T_2 1 .lC . . . .. .. . . ..... . . ... ... .. ._ _.__ _.

C TEST FOR LOS CLO INTERCEPT ON THE ZX PLANE E 133
Z2#BLVLSXP#X-RSYP#Y F 1•4
STP#OOSARG#CR**2-Y**2 E 135
I . .ARG.G.tLýSML< ST.R#.SQRT.AARGX.. ....... E _]6
B2#STP-XP E 137

...... it#BLVL.SLP.Za.B2. -... E3B.
GO TO 8 E 139

J4 C'- nNT NIIF F 14!1
IF %JFLG.GT.O< GO TO 15 E 141

. IE XDABKZ.L.T.5.i(<GO .TO B1 8. --. E&_L4Z
15 CONTINUE E 143

-- .. .. KELGeGT.O< GO TOA 16 -E 1-4.4.
IF ZDABK<.LT*5.1< GO TO 19 E 145

16__.lLINU - E 146
"GO TO I E 147

41
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Table D-4. List of Subroutines (Cont"1).

17 CONT INUE 14
KLSKL&5O E 149

S.RET URN.E 1.50
-18 CONTINUE E151

KLNK11K<VKX E 52i

19 CONTINUE 3-.4

- iKELGE.1 Is'

KLNtKtLEK(KX C1!)b

GO 10-16 C 15S8

C 15159

END ~Ld

SURRIROUT INL MAPr r I
C THilS SUITRnlUT INU IS sUSED To cnLLFIEC CrLOS SIATI,.I ICS. *

_ COMH(JN..RLKlJXCL)11 000< .VCLD1IOQC*.JJ____E
COMMU1& 11LK2/ PIXAXlO0.<,PYAZIOOtPZAz100o,PXDISlOO<,r'Yt'IvOO<, I'1131.?I 1-

1(.1A111100<(.DAIIIIOO(KK r
COMMON /111K3/ AZA,AZB,EL F
COMMON /13LK4/ KLNZ00C.KL*LIM%4<,L1MB%4< r_ 7
COMMON /IOLK6I J F 11

COMMON IBLK$/ L,L.IST,K,KIL112,4< I 1I
COMMON /BLKK/ KKI.KK2tKK3vKK4 11
DIMENSION KOUNtI2 < I-12
KOSIINIR- V 13

C INITIALIZE *~F 14
-J(BLNK"IR
KXI IRX F 16

C, END OF INITIALIZE. 1* F- 17
RETURN F 18

C BLANK PIIE CFLLIS STORAGI; ARRAY AND RETURN THlE ANGULAR AND F 19
C CLOU DASFPOSIT ION FLAGS TO) ZERO. '~F2

----- E UTRY..CLR. -F _ -. .21.--
KLOO F- ý2
Do 1 1019,200 F, 43
KLNI<NKLBLNK F 24

I CONT INUE F 25
0)0 2 K#I,'. F 20

4.ý LIMAK<AL 1.411Ke(*O _F_ _-_ F417
RUTURN F 28
ENTRY LLRX F2

C I-ILI TIIE t.FLUS STOIRAGE FIELD WilliI PAtIES. INSHIT AN X PRINT AT 1` 3 0
C 11W END OF TIIE FIELD. F* 31

Do) 3 101,KK F ~
.KLNKLf.IXXKUSil.£3

3 CONVINUF F 34
KNKLLKKf.1 F 35
KL.NK 0K X F ý6
RETURN : 7
E:NTRY GILO 3.0

C. ZLLRU THL CL-J." UIAL-111I-S I-11L.D., P F
D0 4 1,11,12 4 *0

4 KlXNIL<00 F 41
RIT URN I411
LNTRY GILI 1 41
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Table D-4. List of Subroutines (Cont'd).

C COLLECT THE CFLOS STAIISTICS. s*F44
IAWJNTA40 At 5.
I IJ F 46
DOu 6 KEit Z- - _______ F !11

LTSTOO F 48
KL#1K-1 (' 50 F 4.9
DO 6 101*KK F 50

1S.LNKLN1I.KL< 51.
IF 1KTSr.NF.KHLNK< GO To 5 V52

GO TO 6 F 54
COL 'LECT TIKI-KELA1EI) CFLOS STATISTICS. KNTA IS USlD 11) COLLECT F 55

C INSTANTANFOUS HITS. LIST IS USED FOR 11 E-REAE)VLE.F5
5 KNTASKNTA&I F 57

2LISTOLTST&.I F 58
IF % S.(; .5 •A~A~R ______1___

6 CON TINUF F 60
KOUNI L<9KNIA F 61
RETURN F 62
ENTRY GIL2 F611

C GATH4ER INSTANTANEOUS CrLOS SIAIISTILS. *$F 64

KSUMOKK F6
110 7 LDLs12 F 67

7 LSUM#LSUM&KOUJN~L< F 681
STATKI#ILSUM$ 1.0</%KSUM*2A.< F 69

4PRINT 8. SITlK F 70

CALL G;ILCA13 F 72
zRETURN F 73

C F 74
C F 7 5
C F 76

-~ fA~It~ ~dQ. 3U~~jAI. OFY~ A .CFUI.S, 1- 1.7C.CSI.--.• ~ r~
END F 711-

SRU1RUI INI CAILH G I
C THIS SUBLOIH~ INIF IN DFS I(,Ni:I) 111 GATIHUR lIHE TIMPERELATC-0 CFLOS G 2
ýC SIAI.ISJ-ICS.. 0 C.

COMMON~ /BLKI/ AZA,9AII3,EL, XtI ,YItlI ,lLD 90 qVA,VIT G 4
COMMON /IILK1/ i1CL.OICIL),PCVR .RADHOtR G 5
COMMON /IILKt/ 1.,LISI,KKLI.%2#4< C. 6
COMMON /LILKZ/ I'XA% 100< sYA1U00< 9PZA1 100< @Xl11O1c, VY tit 1 O<,'Lki~l100 G 7

.DIMENSION 051Z1,-4K, UWX1L2a4L1, 0I511Zv4K* IxQua,2A(. Dp II 1~ 03 G, 9
I0%12t4<, V3'11%2q4<t O4)tOI2,4(, 1)45T112,4<, I"114<v FI014(, P-1'1%4<t I, G 10
220%4<9 1214, 3014<, L5%L.2,4<v L10%1294<v LI5SU2s4<v L.20412sA<v G 11
11.25'1I2,4<9 L.30%12,4<, L35%11.,4(,t 1.40%1124<, 145112,4< G 11

RE-TURN G 13
ENTRY CATEH Gi 14

C ZLR ItIE INUILAILCO ARRAYS. G~ 'u1,
01, 1 K#ht4 G 16

DO 1 6.,1 18IT
O)5%J K,,#O1 QJ 9 K 0)I51., KeuI) 1J Ksu#0.) J 9KIý00)JoK< N35%J tK',.4L)4Ot. G 19

1 9K,,K(14',IJ tKesl.O 0 i
LI.'L 101J, k'h91. I51.1 K,N11 .'rCVLI CSit PK.IJ. IL 10t,) Kc OL Vil"JKraL 40t1 6 1

1JK~I4%lJoK0(0 C.

4'
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Table D-4. List of Subroutines (Cont'd).

A-- L1IM NUE _ _

RETURN4 G 24
ENTRY CATCH2 G 2,5
IF tLTST.[-Q.5< 15'CIK<Iil G 26
O51,$K<#D5%LK~f1 G 21
IF tLTST.LT.10< GO TO 2 G 28
-IF 1LTSE.CEU.j0<_LL0%L*X(1.-------------------------&29.
DiOL,K<#OI0tL,K<&I G 30
IP ZLTST.LT.15< GO 10 2 G 31
It- %LST.EQ.15( L151L,K<8l G 32
UI5%L.K(I1)151L*K<&l G 33
IF IgLTSI.LT.20< GO TO 2 G 3'4
__FL.LST.Eg.Z0< .LZ0XL,&C11_~ -, I- - ---- - - - _

0201.tK(9I20SL*K<&1 G 36
IF %LTST.LT.25c GO T0 2 G 3?
IF ILrST.FQ.25< L25tL,K<0I G 38
I)25%L,K<#O25%L,K<F'.1 G 39
If- ILIST.LT.30< GO TO 2 C. flo

---- F 4LTSI.E0.30(.t30ILK<gi_ _____4_____
U3304L,K<#D30%L,K<&1 G '42
IF- 'LTSJ.LT.35< GO TO 2 G 43
IF ILrST.EQ.35( L35TL#K<#I G 44,
035%LqK<#O354L,K(L 1 G 4.5
Ir IF LTSr.LT.43< GO 10 2 G 46

- -F 4EALST-tL.4 -L40X~L,K<C1_ __ 1. ~-~~--~ Q

Z., tLTST.I.I.45( GO To 2 G 49
IF ZLrSr.FoQ.4s.< L4ýZL,K<01 G 50
045S21, #045X21.K<&1 G 51

2 CONTINUE G' 52
- RETURN-.-5

ENTRY GILCAT3 G. 54
C GATHER STATISTILS ON ONE--SICUNI AN' TIhO-SECONI) LONG CELOS G 55
C PROBIABILITIES. ~'*G !)6

K5#KIOMO G 57
M54KK-4 G. 58v ~__M1Q1KK~i---------------------- -G -. 9
00 3 J01,12 G 60
00 3 K#1,2 G 61
K5#K5&05%J ,K< G 62
K10%KlOE~D10%J,K< G 631

3 CUN71NUE G 64

S10#%K10*1.0</Z24.%%MI0< G 66
PRINT 6 G, 61
PRINT 7, 55.510 G 68
LLOLL#UONO G 69
0il 5 KN1,2 G 10

4 IA0I1&1 72
IF ZI.GT.12( Go To 5 G 73
LL5NLL5&L-)I,K< G 74.
LLlO#LLIOCLIO2I,K< G 75
GrTO 4 C, 76

44
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Table D-4. List of Subroutines (Cont'd).

(.ONT INUF - G. -7j.
PRINT 8 G 78

RFTURV' G 80

C G082

- FORMAT %10XV54H1'ROBABILITY OF A CFLOS FOR AT LEAST THE TIME IN AG. 84

*7 FORMAI %lOX,5H.GE.1,F8.3,I0X,5H.GE.2,F8.3< G 86
a, FORMAT %I0X,74tiMINIMUM FREQUENCY OF OCCURfIEN.E. OF A CFLOS FOR. AT L *G -07

1EAST THE TIME INDICATED< G 88
9ý FURMAT CM1,0HONE SECONDt~3/49vlT0SCNS,1-9,3H/4tZ4( 89

ENO G 90-

45
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LIST OF TECIHICAL NOTES

Number Title Date

74-1 Atmospheric Moisture Parameterization (AD-78481) Jan 74

74-2 Development of a Gridded Data Base ( ) Apr 74
(Publication delayed)

74-3 A Precipitating Convective Cloud Model (ADA-002117) May 74

74-4 A Synoptic-Scale Model for Simulating Condensed Atmospheric Jun 74
Moisture (ADA-002118)

75-1 Estimated Improvement in Forecasts of the SANBAR Hurricane Jan 75
Model Using the Airborne Weather Reconnaissance System
(ADA-004097)

75-2 Spring Weather Patterns of the Western United States Mar 75
(Reprints) (ADA-006691)

75-3 Summer Weather Patterns of the Western United States May 75
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